The effects of intracerebroventricular (ICV) and intraperitoneal (IP) administration of galanin and b-endorphin on food intake have been studied in satiated tench held at 21 T 2°C. Food intake was evaluated at 0±2 h and 2±8 h after injection. The same treatments were carried out in tench and gold®sh acclimated to 10 T 1°C. Central administration of either galanin or b-endorphin signi®cantly increased food intake at 2 h and 8 h after injection in tench acclimated to 21 T 2°C, but no change in feeding was observed after IP treatments. Low temperature (10°C) signi®cantly reduced food intake in both tench and gold®sh, and neither central nor peripheral administration of galanin or b-endorphin was found to modify feeding. The results indicate that galanin and opioids play a role in the central regulation of feeding in tench, but the stimulatory effect of these neuropeptides did not reverse the feeding inhibition produced by exposure to low temperature.
Introduction
Monoamines and neuropeptides are involved in the regulation of feeding in mammals (Morley 1987 (Morley , 1995 Leibowitz 1995; Rowland & Kalra 1997) and ®sh (De Pedro, Delgado, Pinillos & Alonso-Bedate 1998a; De Pedro, Pinillos, Valenciano, Alonso-Bedate & Delgado 1998b) . CRF (De Pedro, Alonso-Go Âmez, Gancedo, Delgado & Alonso-Bedate 1993), bombesin (Himick & Peter 1994a ) and cholecystokinin (Himick & Peter 1994b ) suppress food intake in gold®sh Carassius auratus, and certain neuropeptides may stimulate ingestive behaviour: intracerebroventricular, but not peripheral, administration of galanin (De Pedro, Ce Âspedes, Delgado & AlonsoBedate 1995a) and b-endorphin (De Pedro, Delgado & Alonso-Bedate 1995b) increases food intake in gold®sh. The galanin stimulatory action on feeding is mediated by a 2 -adrenergic receptors (De Pedro et al. 1995a) , and b-endorphin-stimulated feeding is mediated via m receptors (De Pedro, Ce Âspedes, Delgado & Alonso-Bedate 1996) . To our knowledge, the only study concerning feeding behaviour in tench Tinca tinca is that of De Pedro, Gancedo, Alonso-Go Âmez, Delgado & Alonso-Bedate (1995c) , in which an anoretic effect of CRF was reported. There are no studies concerning the possible involvement of stimulatory neuropeptides on feeding behaviour in this species.
Food intake regulation in ®sh is a complex interplay between endogenous and environmental factors (Peter 1979; Fletcher 1984) , with water temperature being viewed as one of the main environmental factors in¯uencing feeding and growth (Brett 1979; Elliott 1982) . For example, Rozin & Mayer (1961) demonstrated that feeding of gold®sh is temperature dependent, a 10°C decrease in water temperature (from 25°C to 15°C) inducing a reduction in food intake.
A prime objective of the present work was to study the effects of acute galanin and b-endorphin treatment on food consumption in tench Tinca tinca. Secondly, we evaluated the effect of low water temperature on feeding in tench and gold®sh, and examined whether galanin and b-endorphin treatment could reverse the effects of exposure to low temperature on food intake.
Materials and methods

Animals
Tench Tinca tinca, 5.04 T 0.41 g body weight, and gold®sh Carassius auratus, 7.19 T 0.75 g body weight, were used in the feeding studies. Fish were maintained in the laboratory at 21 T 2°C under a 12 h light:12 h dark photoperiod for at least 2 weeks before use. Fish were fed a 1% body weight ration of oating pellets (Sera Biogran: protein 22.8%, fat 5.3%, ®bre 2%, ash 10.9%) each day at 10:00 h to 11:00 h.
Experimental design
Porcine galanin and human b-endorphin (Sigma) were dissolved in teleost saline (15.8 mg of Na 2 CO 3 per 100 mL of 0.6% NaCl; Kavaliers 1983). After feeding, the ®sh were anaesthesized between 10:30 h and 11:30 h in water containing tricaine methanesulphonate (MS-222, 1:10 000). After loss L Figure 1 Effect of intracerebroventricular administration of saline (C), galanin (1 mg, GAL) and b-endorphin (1 mg, b-E) on food consumption (mg) in Tinca tinca at 0±2 h (top), 2±8 h (middle) and 0±8 h (bottom) after injection. Water temperature was maintained at 21 T 2°C. Data are expressed as means T SEM (n = 7±8 per group). *P < 0.05, ***P < 0.01 compared with the control group. of equilibrium, ®sh were injected: intracerebroventricular (ICV) injections were performed using a 0.3-mm Microlance needle connected to a 5 ml Hamilton microsyringe with an 18 Venocath cannula, and intraperitoneal (IP) injections in the ventral midline posterior to the pelvic ®ns were performed using a 1-mL ICO syringe and 0.3-mm Microlance needle. The injection procedures have been described previously (De Pedro et al. 1993) . As food had been available for 1 h before injection, it was assumed that ®sh were satiated at the time of feeding tests.
Experiment 1. Effect of ICV administration of galanin and b-endorphin
Tench were divided into three groups: a control group in which ®sh (n = 7) were ICV injected with 1 ml of teleost saline; a galanin group in which ®sh (n = 7) were ICV injected with 1 ml of teleost saline containing 1 mg of galanin; and a b-endorphin group in which ®sh (n = 8) were ICV injected with 1 ml of teleost saline containing 1 mg of b-endorphin. Water temperature was maintained at 21 T 2°C throughout the experiment.
Experiment 2. Effect of IP administration of galanin and b-endorphin
Thirty tench were divided into the following groups (n = 10 per group): a control group, IP injected with 10 ml of teleost saline g ±1 body weight; a galanin group, IP injected with 0.1 mg of galanin g ±1 body weight; and a b-endorphin group, IP injected with 0.1 mg of b-endorphin g ±1 body weight. Water temperature was maintained at 21 T 2°C throughout the experiment.
Experiment 3. Effect of galanin and b-endorphin on food intake of tench and gold®sh at low temperature Tench and gold®sh were divided into four groups of each species (n = 8±10 per group): (a) ®sh were acclimated to 21 T 2°C for 15 days and ICV injected with 1 ml of teleost saline; (b) ®sh were acclimated to 10 T 1°C for 15 days and ICV injected with 1 ml of teleost saline; (c) ®sh were acclimated to 10 T 1°C for 15 days and ICV injected with galanin (1 mg); and (d) ®sh were acclimated to 10 T 1°C for 15 days and ICV injected with b-endorphin (1 mg).
In a second trial, to examine the effect of IP injection, tench and gold®sh were divided into four groups for each species (n = 8±10 per group): (a) ®sh were acclimated to 21 T 2°C for 15 days and IP injected with 10 mg of saline g ±1 body weight; (b) ®sh were acclimated to 10 T 1°C for 15 days and IP injected with 10 mg of saline g ±1 body weight; (c) ®sh were acclimated to 10 T 1°C for 15 days and IP injected with 0.1 mg of galanin g ±1 body weight; and (d) ®sh were acclimated to 10 T 1°C for 15 days and IP injected with 0.1 mg of b-endorphin g ±1 body weight. Fish recovered from anaesthesia within 1±2 min after injection. Individual ®sh were then transferred to 5-L aquaria and provided with a preweighed excess ration (5% of body weight) 10 min after the injection. Food remaining was collected 2 h later, and a new batch of preweighed food was added to the tank. Food intake (FI) was measured at 2 h and 8 h after injection and calculated as follows: FI = W i ± (W f Q F), where W i = initial dry food weight, W f = remaining dry food weight, and F = W i /W f is a correction factor for the dissolution of food pellets during feeding: F (2 h) = 1.19 T 0.003, n = 20; and F (6 h) = 1.27 T 0.002, n = 20.
Statistical analysis
Data were analysed by ANOVA followed by Student± Newman±Keul's (SNK) multiple-range test for multigroup comparisons. A probability level of P < 0.05 was considered statistically signi®cant. Figure 1 shows the effect of ICV administration of galanin (1 mg) and b-endorphin (1 mg) on the feeding of tench maintained at 21°C. Food intake was signi®cantly increased by both neuropeptides at 2 h (P < 0.01) and 8 h (P < 0.05, galanin; P < 0.01, b-endorphin) after injection. The increase induced by the neuropeptides was not statistically signi®cant during the interval 2±8 h after injection.
Results
No signi®cant differences in food intake were observed after IP injection of galanin and bendorphin to tench maintained at 21 T 2°C (Fig. 2) . Figure 3 summarizes the effect of ICV galanin (1 mg) and b-endorphin (1 mg) administration on feeding in tench and gold®sh held at low temperature. Food intake was signi®cantly (P < 0.01) lower at 10 T 1°C than at 21 T 2°C, and the administration of galanin and b-endorphin did not modify the feeding responses induced by exposure to low temperature.
Similar results were obtained after IP injections (Fig. 4) . Neither galanin nor b-endorphin counter-acted the effects of exposure to low temperature in either species.
Discussion
Acute ICV administration of both galanin and bendorphin, increased food intake in tench held at 21°C (Fig. 1) . These data are consistent with those reported for gold®sh (De Pedro et al. 1995a,b) and mammals (galanin: Leibowitz & Kim 1992; Schick, Samsami, Zimmerman, Eberl, Endres, Schusdziarra & Classen 1993; Tempel & Leibowitz 1993; b-endorphin: Baile, McLaughlin & Della-Fera 1986; Morley 1987; Olson, Olson & Kastin 1996) . The feeding stimulation induced by galanin and b-endorphin was marked during the ®rst 2 h after treatment, but not thereafter (2± 8 h), suggesting that these peptides have a shortterm action in tench, as has been demonstrated in gold®sh (De Pedro et al. 1995a,b) and mammals (galanin: Leibowitz & Kim 1992; Schick et al. 1993; b-endorphin: Olson et al. 1996) . Other neuropeptides, such as CRF (De Pedro et al. 1993) , bombesin (Himick & Peter 1994a ) and cholecystokinin (Himick & Peter 1994b) , also modify food intake in gold®sh in the short term. Figure 3 Effect of intracerebroventricular injection of saline (C), galanin (1 mg, GAL) and b-endorphin (1 mg, b-E) on food intake (mg) at 0±2 h (top), 2±8 h (middle) and 0±8 h (bottom) after injection in Tinca tinca and Carassius auratus at 10 T 1°C. Data are expressed as means T SEM (n = 8±10 per group). ***P < 0.01.
L
Thus, a short-term action may be a general trend in the regulation of feeding by neuropeptides in vertebrates.
The lack of effect of IP injection of galanin and bendorphin on feeding suggests a central role for these peptides in the regulation of feeding in tench. This is in agreement with previous studies in ®sh (De Pedro et al. 1995a,b) and mammals (Morley 1987) . Nevertheless, our results do not preclude the hypotheses that these peptides may be more rapidly metabolized in the periphery than in cerebrospinal uid (galanin: Harling & Holst 1992; b-endorphin: Kastin, Banks, Hahn & Zadina 1994) , or that the dosages used were inappropriate to exert a peripheral role in food intake regulation. The evidence of central involvement of galanin and b-endorphin in the regulation of feeding in ®sh, together with the highly conserved sequence of galanin (Merchenthaler, Lo Âpez & Negro-Vilar 1993) and opioids (Dores 1990) , suggests that the physiological role of these peptides has been conserved throughout phylogeny.
The reduction in food intake induced by a decrease in water temperature (from 21 T 2°C to 10 T 1°C) (Figs 3 and 4 ) is in accordance with the results from many other studies on ®sh weight, b-E) on food consumption (mg) at 0±2 h (top), 2±8 h (middle) and 0±8 h (bottom) after injection in Tinca tinca and Carassius auratus at 10 T 1°C. Data are expressed as means T SEM (n = 8±10 per group). ***P < 0.01. (Rozin & Mayer 1961; Brett 1979; Elliott 1981 Elliott , 1982 Zanuy & Carrillo 1985; Hairston 1994; Koskela, Pirhonen & Jobling 1997a,b) . This food intake reduction could result from the adjustment of ingestion to the lower metabolic rate of coldexposed ®sh (Rozin & Mayer 1961) , but other factors cannot be ruled out. Koskela et al. (1997a) reported that, although food intake and growth were initially low among ®sh exposed to low temperature, they increased after several weeks of cold exposure. It is possible that the 2 weeks of acclimatization to 10°C in our study could correspond to this initial acclimatization period. It is also possible that a change in feeding patterns (nocturnal vs. diurnal) could be induced by low temperature in both tench and gold®sh, as has been shown previously in other teleosts. Salmonids (Heggenes, Krog, Linda Ês, Dokk & Bremnes 1993; Fraser, Heggenes, Metcalfe & Thorpe 1995) and cyprinids, such as minnows Phoxinus phoxinus (Greenwood & Metcalfe 1998) , usually exhibit a diurnal pattern of feeding at high temperature, but the pattern is reversed at low temperature. Additional studies are need to clarify this. Neither galanin nor b-endorphin were able to alter the effect of low water temperature on food intake. Modi®cations in the biological activity of these neuropeptides at low temperature might explain these results, either via alteration of enzymes involved in the synthesis and/or degradation of the peptides, or by the induction of conformational changes in receptors, leading to decreased af®nity. For example, Tsai & Wang (1997) reported modi®cations of serotonin and norepinephrine content in the central nervous system (CNS) induced by acclimation temperature, possibly resulting from changes in brain monoamine oxidase activity at different water temperatures (Hall, Uruena & Figueroa 1982) .
Opioidergic activation occurs in animals under stress, with increases in plasma levels of b-endorphin and encephalins being recorded in animals exposed to environmental stressors (social deprivation, immobilization, low temperature, etc.) (Olson et al. 1996) . Exposure of ®sh to a low temperature stressor could be hypothesized to lead to a release of bendorphin. This, in turn, could lead to desensitization and tolerance mechanisms. This might explain the lack of effect of exogenous b-endorphin administration on feeding in the cold-exposed animals, but further work is required to test this hypothesis.
In summary, our results suggest that galanin and b-endorphin are involved in the central regulation of feeding in tench. However, the stimulatory actions of these peptides were not able to counteract the reduction in feeding induced by exposure to a low temperature (10°C).
